Hulisan tablets (HLST), a famous classic traditional Chinese prescriptions consisting of four medicinal herbs, have been applied for treating fractures, rheumatoid arthritis, mechanical phlebitis and traumatic bleeding extensively. In this study, a simple and reliable method using high-performance liquid chromatography with diode array detector (HPLC-DAD) was established for the simultaneous determination of 10 active compounds in HLST. The chromatographic analysis was performed on a Symmetry w -C 18 column (4.6 3 250 mm, i.d., 5 mm; Waters, Wexford, Leinster, Ireland) at 308 8 8 8 8C with a gradient elution of 0.1 mol/L ammonium acetate (containing 0.5 mL glacial acetic acid per 1,000 mL) and acetonitrile at a flow rate of 1.0 mL/min. The detection UV wavelengths were set at 232, 254 and 280 nm. The method was validated by linearity, precision, stability and recovery. Calibration curves for the 10 compounds showed good linear regressions (R 2 > 0.9992). The limits of detection and quantification fell in the ranges of 0.03 -0.36 and 0.11 -1.01 mg/mL, respectively. The results of the recovery test were 97.19 -102.04% with a RSD value of 0.65 -2.47%. The developed method was subsequently applied to evaluate five batches of HLST and testified to be suitable for the quality control.
Introduction
Traditional Chinese prescriptions (TCP) have been widely used because of its well-proven efficacy with few side effects. More than one million formula have been accumulated in long-term practices (1) . It is accepted that the joint contribution of multi-drug and multi-component is responsible for the synergistic and therapeutic effects of TCP universally. Due to the unimaginable complexity of multi-herb formula, the compatibility principles and the interactions among different drugs of TCP have not been deciphered clearly from the aspect of molecular composition (2, 3) .
In China, Hulisan tablets (HLST) have been applied for treating fractures, rheumatoid arthritis, mechanical phlebitis caused by peripherally inserted central catheter and traumatic bleeding extensively (4, 5) . The Ministry of Health of Drug Standards records the formula of HLST as follows: 700 g of Zhicaowu, 100 g of Sanqi, 150 g of Baiyunshen and 50 g of Duanjieshen (6) . Each of which containing many components that may be relevant to the medicine's putative activity. Zhicaowu, the roots of Radix Aconiti Kusnezoffii Praeparata, mainly consists of aconitum alkaloids, such as aconitine, mesaconitine, hypaconitine, benzoylaconine, benzoylmesaconine and benzoylhypacoitine (7) , has analgesic, antiepileptic and anti-inflammatory activities (8) . Meanwhile, these toxic alkaloids can also induce nausea, dizziness, arrhythmia and shock (9) . Sanqi, the roots of Radix notoginseng, is used to promote blood circulation, induce blood clotting, relieve swelling and alleviate pain. Saponins, such as ginsenoside Rg1, Rg2, Rb1 and notoginsenoside R1, R2, R3, are considered to be the principal active ingredients of Sanqi (10) . Baiyunshen, the roots of Campanumoea javanica BI., has activities in protecting gastric mucosa (11) . The major active components of Baiyunshen include saponins (such as lobetyolin) and flavonoids (12) . Duanjieshen, the roots of Radix Cynanchi Wallichii, has varieties of pharmacological activities, including anti-depressant, anti-inflammatory and analgesia activities (13, 14) , which possesses many components of saponins and acetophenones, such as 4-hydroxy acetophenone, 2,5-dihydroxyacetophenone and baishouwu-benzophenone (15) .
To guarantee the safety and the efficacy of TCP in clinical practices, the quality control is necessary and indispensable (16 -18). However, it is very difficult under most conditions to identify and simultaneously determine the most of active components in a TCP (19, 20) . Undoubtedly, the quality control of the TCP consisting of more than two crude herbs is not only complicated but also challenging. Therefore, more and more attentions have been paid to this field. Several techniques such as gas chromatography (GC) (21), high-performance liquid chromatograph (HPLC) (22) and HPLC/MS (23, 24) have been applied to carry out simultaneous quantitative analysis of TCP.
To our knowledge, the previous study report developed an analytical method for determination of two ginsenosides (25) , nucleoside and nucleobase in HLST (26) . However, it is very important to establish a method for quality control of various kinds of components from multi-herb in compound herbal preparations (CHP), which could help to evaluate the quality of CHP. To date, there has been no report of the quantitative determination of various kinds of the active compounds in HLST from multiherb. In this article, a rapid, accurate and reliable HPLC-DAD method for simultaneous determination of 10 active compounds from different herbs in HLST was established for comprehensive quality evaluation of this important TCP successfully.
Experimental

Reagents and materials
Five batches of HLST were purchased from the Harbinger of Pharmacy (Nanjing, Jiangsu, China). The reference standards of 2,5-dihydroxy benzoic acid methyl ester (compound 1), 4-hydroxy acetophenone (compound 2), 2,5-dihydroxyacetophenone (compound 3), 2,4-dihydroxyacetophenone (compound 4) and baishouwu-benzophenone (compound 5) were obtained from our own lab, lobetyolin (compound 6), benzoylmesaconine (compound 7), benzoylaconine (compound 8), benzoylhypacoitine (compound 9) and hypaconitine (compound 10) were purchased from National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). All these standard substances had over 98% purity and their structures are shown in Figure 1 . Acetonitrile of HPLC grade was purchased from Merck (Darmstadt, Hessen, Germany). The pure water used in this study was prepared using the Milli-Q system (Millipore, Bedford, OH, USA); ammonium acetate was purchased from Hanbang Science & Technology (Nanjing, Jiangsu, China); glacial acetic acid was purchased from the first chemical company of Nanjing (Nanjing, Jiangsu, China). The system was re-equilibrated with 5% B for 3 min before the next sample run. The solvent flow rate was 1.0 mL/min, and the injection volume was 10 mL. The detection wavelength for content determination was set at the maximal UV absorption peak of each compound; they were 232 nm for compounds 7, 8, 9 and 10, 254 nm for compounds 1 and 3 and 280 nm for compounds 2, 4, 5 and 6. The absorption spectra were recorded within 190 -400 nm. The peak identification was based on the retention time and the DAD spectrum against the standard presented in the chromatogram.
Apparatus and chromatographic conditions
Standard solution preparation
Mixed standard stock solutions of compound 1 (30.6 mg/mL), compound 2 (73.2 mg/mL), compound 3 (43.6 mg/mL), compound 4, (82.0 mg/mL), compound 5 (91.2 mg/mL), compound 6 (40.8 mg/mL), compound 7 (202.5 mg/mL), compound 8 (58.4 mg/mL), compound 9 (70.8 mg/mL) and compound 10 (21.0 mg/mL) were prepared in methanol and stored away from light at 48C. Working solutions of lower concentrations were prepared by appropriate dilution of the stock solution.
Sample solution preparation
The HLST were pulverized into fine powders and sieved through 60-meshes to get samples particle size. Then 1.0 g of each homogenized sample powder was accurately weighed and transferred into an Erlenmeyer flask and extracted with 10 mL of methanol in an ultrasonic bath at room temperature for 45 min (500 W, 40 kHz). After this, the sample was weighed again, methanol was added for the loss and the solution was shaken, filtered and desiccated. Finally, the resulting solution was filtered through a 0.45-mm membrane prior to HPLC injection.
Results
Optimization of extraction methods
To obtain satisfactory extraction of marker compounds from samples, extraction solvent (methanol and ethanol), sample to solvent ratios (1:5, 1:10 and 1:20, w/v) and extraction time (30, 45 and 60 min) with regard to the analyte contents were studied with the established optimal HPLC conditions. As a result, the best extraction conditions of the sample consisted of extraction by ultrasonication using 10 mL of methanol and 1:10 as the extraction solvent with a duration of 45 min.
Optimization of chromatographic conditions
Initially, different compositions of mobile phase containing methanol -water, methanol -0.1% acetic acid, acetonitrilewater, acetonitrile -0.1 mol/L ammonium acetate and acetonitrile -0.1 mol/L ammonium acetate containing 0.5 mL glacial acetic acid per 1,000 mL were tested. As a result, acetonitrile -0.1 mol/L ammonium acetate containing 0.5 mL glacial acetic acid per 1,000 mL in the gradient mode was adopted because of the stable baseline, the better peak shape and the better separation in the chromatograms. In addition, three column temperatures, 25, 30 and 358C and three chromatographic columns Hedera-C 18 (4.6 Â 250 mm, i.d., 5 mm; Hanbon, Huaian, Jiangsu, China), Lichrospher-C 18 (4.6 Â 150 mm, i.d., 5 mm; Agilent, Palo Alto, CA, USA), Symmetry w -C 18 (4.6 Â 250 mm, i.d., 5 mm; Waters, Wexford, Leinster, Ireland) were also tested, eventually, the optimal condition was determined, as shown in the 'Apparatus and chromatographic conditions' section. According to maximum absorption in the range of 190-400 nm, the detection wavelength for determination was set ( Figure 2 ). The optimized wavelength of compounds 7, 8, 9 and 10 was detected at 232 nm, compounds 1 and 3 at 254 nm and compounds 2, 4, 5 and 6 at 280 nm, respectively. In addition, flow rate and injection volume were also optimized. After trying many tests, excellent separation was achieved within 62 min in a single run and typical chromatographic profiles obtained from a mixed standard solution and samples solutions are showed in Figure 3 .
Method validation
According to the guideline of International Conference on Harmonization and some studies about determination, analysis was validated by its linearity, limits of detection (LOD) and quantitation (LOQ), precision, repeatability, stability and recovery.
Linearity, LOD and LOQ
To evaluate the linearity of this method, standard solutions were prepared by diluting specific volume of the stock standard to get several concentrations. The regression equations of 10 components were calculated in the form of y ¼ ax þ b, where y and x were the peak area and concentration, respectively. The LOD and LOQ under the chromatographic condition were calculated at a signal-to-noise (S/N) ratio of 3 for LOD and 10 for LOQ. As shown in Table I , good correlations were found between the peak area (y) and concentration of tested compounds (x) (R 2 . 0.9992) within test ranges. The LOD and LOQ were in the range of 0.03 -0.36 and 0.11 -1.01 mg/mL, respectively, showing the excellent sensitivity of the method.
Precision, repeatability and stability
The precision of the developed method was evaluated by performing intra-day and inter-day assays by replicate (n ¼ 6) injection of a mixed standard solution. Intra-day precision was measured for injections during the same day whereas inter-day precision was measured on consecutive days. The relative standard deviations (RSD) of peak area were 0.31 -2.05% for intra-day, and 0.37 -1.86% for inter-day precision (see Table II ). To further evaluate the repeatability of the developed assay, the sample of HLST was analyzed in six replicates with the above established method and variations were expressed by RSD. The RSD values of component content were 0.86-2.23% (Table II) . One of the sample solutions mentioned above was injected into the apparatus at 0, 2, 4, 8, 12, and 24 h, respectively, to evaluate the stability of the solution. The results indicated that the RSD of the 10 analytes were ,2.70%, indicating that the sample solutions were stable within 24 h (see Table II ).
Accuracy
The recovery test was applied to investigate accuracy. Three different concentration levels of the 10 active components were added to the HLST sample solution. Each set of samples was analyzed three times. The contents of the 10 components were calibrated from the corresponding calibration graph. The recovery (%) ¼ (amount determined -amount original )/amount spiked Â 100%, where amount determined is the determined total amount of each analyte, amount original is the original amount of each analyte in samples determined and amount spiked is the spiked amount of each analyte. The average recovery percentage of the 10 active components ranged from 97.19 to 102.04%, and RSD values were all ,2.47% (Table II) . The results of the recovery test indicated that the established method was reliable and accurate.
Sample analysis
The newly established analytical method was applied to determine the contents of five batches of HLST. All samples were analyzed by using the optimized extraction method under HPLC-DAD conditions. Each sample was analyzed in triplicate to determine the mean content and the results are recorded in Table III . The contents of compounds 2, 4, 5 and 7 were found at high levels in the analyzed samples, whereas the contents of compounds 1 and 10 were at relatively low levels.
Conclusion
With the increasing numbers of TCP being used worldwide, efficient protocols to evaluate and control the quality of herbal products are urgently needed. In this study, a HPLC-DAD method for simultaneous determination of 10 active compounds in HLST was established. The compounds were separated within 62 min by a gradient elution, and glacial acetic acid was added into mobile phase for getting a better peak. Validation of the method was performed, and the results indicated that this method had good linearity, precision and accuracy. The proposed method will likely serve as a useful tool in the quality control of HLST. 
